A simple theory of the anomalous resistivity of alloy systems is presented with explicit evaluations of the temperature dependence of electrical resistivity in the vicinity of critical points: It is shown that in the neighbourhood of transition points the resistivity-temperature curve has a maximum, and that in the case of the second order transition the maximum is much more conspicuous than the one in the case of the first order transition It is also shown that the smaller is kF, the steeper the maximum, kF being the Fermi wave number. § 1. Introduction
Recently the semiconductor alloy in the (In 3 As3) a: (In2Te3) 1~.11 section of the In-As-Te ternary system 1 l has been found to have a critical point at the fraction Xc= 0.9 and temperature Tc= 820°C.
The mobility change near the critical point is observed by Gasson et al_ll and is studied theoretically by Parrott. 2 ) In his studies, however, only the value of overall changes in the mobility is given near the critical point.
In the present paper we consider the resistivity due to fluctuating parts of an atomic fraction or of an order parameter, and examine the temperature dependence of the resistivity in some detail. In the vicinity of the critical point, the temperature dependence of the resistivity is calculated explicitly in the form of IT /Tc -11 expansion. And it is shown that the resistivity-temperature curve has a marked maximum at Tc when kFd<l, kF being the radius of the Fermi sphere and d the interatomic spacing, and that the maximum becomes steeper as kFd decreases. The temperature dependence of the resistivity near the critical point is shown to be similar to that of ferromagnetic metals in the s-d exchange model and of the order-disorder effects in alloys which show the second order transition. 3 ), 4 l' 5 ) In this connection we also examine the orderdisorder phenomena in alloys with the first order transition. In this case also there appears a maximum in the maximum IS less pronounced transition.
the resistivity-temperature curve, though than in the case of the second order § 2. Calculations Let x(r) be the local value of the atomic fraction at position r and :x the average value. Then after Parrott 2 l the perturbing Hamiltonian to conduction electron is of the form
H'=E(x-x).
(1)
E will be nearly equal to the difference between energy gaps of two constituents of the alloy. 2 l The relevant matrix element to the scattering process k-">k' for a conduction electron is given by
where Xq IS the Fourier component of the fluctuation of atomic fraction :
Then the standard perturbational treatmenel gives the transition probability 
Here Pv IS the value of p at Tc and is given by
where eF is the Fermi energy and eF= fl 2 k;!' /2m*.
First of all we consider the case of the second order phase transition:
(a) The case of a solid solution such as In-As-Te ternary system or of order-disorder effects in AB alloy.
In order-disorder phenomena we regard x as the long range order parameter 9 ) s through s = 2x-1. 
in which o = 1-t, and use has been made of b = kBTc/ d. Equation (9) is plotted in Fig. 1 . In this cas-e we ·take x as the long range order parameter s in orderdisorder phenomena. 10 l In the vicinity of the transition temperature 10 Tc is larger than 0.042 Pr that is the difference between resistivities immediately above and below Tc (see Eqs. (lla') and (lib')), and so in practice the difference 0.042 Pr is immaterial.
It is easily seen from Eqs. (lla') and (llb') that the resistivity due to fluctuating parts of the order parameter changes with temperature in proportion to IT-Tel near Tc, and that the coefficient of proportionality is much larger in the lower side of Tc than the one in the upper side, though the respective values of the coefficient are rather meaningless because of approximations employed in. the present treatment. § 3. Discussions In § 2 the calculation is based on the results of Landau's phenomenological treatment of fluctuations/) i.e. on Eq. (5) whose expression is only applicable to fluctuations of long wave length. Then the present calculation is confined to the case of small kF or kFd<l, since the wave number transfer /k' -k/ is less than 2kF and the scattering processes with large wave number transfer are most effective in determining resistivity because of the factor 1-cos fJ. 8 ) In the both cases of the first and second order transitions there appears a peak at Tc in the resistivity-temperature curve. This is due to the critical scattering of conduction electrons near a transition point. The peak associated with the second order transition is much steeper than that of the first. This is due to the fact that a does vanish at Tc in the second order transition but a does remain finite at Tc in the first order one. It is worth while to point out that the temperature dependence of p such as in Eq. (9) is a general feature inherent in the second order transition in which a vanishes at Tc. In reality this is the case for p given by de Gennes and FriedePl and by Kim.
Mannarz
which shows the same temperature dependence as Eq. (9) except a dimensionks~. constant factor of order of unity. Equation (9) or the above expression shows that the peak is prominent in the temperature range [T-Tc[/Tc~ (kFdY. It is easily seen from Eq. (9) that the smaller is kF, the steeper the peak.
: In the case of the first order transition the peak at Tc is less pronounced than in the second order one and is masked partly by resistivities of other causes such as electron-phonon scattering. However it seems to explain a small hump in resistivity-temperature curve observed at Tc by Nix and Shockley
11
) for Cu3Au.
